ABSTRACT. Equine anxiety trait is considered an important temperament in various situations, including riding, training, and daily care. This study examined the polymorphism of the equine serotonin transporter (SLC6A4) gene as a candidate genetic element influencing equine anxiety trait. The sequence of the coding region of this gene was highly homologous with those of other mammals, and four single nucleotide polymorphisms were found by comparing the sequences of ten genetically unrelated thoroughbred horses. Radiation hybrid mapping revealed that this gene was located 26.92 cR from neurofibromin 1 on ECA 11. Using two-year-old thoroughbred horses (n=67), the association of these polymorphisms with the anxiety trait was examined, but no significant association was identified between each haplotype of the serotonin transporter gene and the anxiety score. KEY WORDS: anxiety, equine, serotonin transporter.
Differences in the temperaments of individual animals are thought to arise, at least in part, from polymorphisms in genes involved in neurotransmitter pathways, such as transporters, enzymes, and receptors, which in turn influence the activity and turnover of neurotransmitters, such as dopamine, serotonin, and noradrenalin [5] . Based on this concept, polymorphisms in neurotransmitter-related genes have been identified and their associations with various temperament traits have been reported in humans [15] and dogs [6, 16] . In horses, we reported an association between a single nucleotide polymorphism (SNP) in the dopamine receptor D4 gene and temperament traits, such as 'Curiosity' and 'Vigilance' [12] .
In the present study, we focused on polymorphisms of the serotonin transporter (SLC6A4) gene as a candidate genetic element influencing equine anxiety trait, given that this trait is considered particularly important for horses in various situations, including riding, training, and daily management. The serotonin transporter gene plays an important role in regulating serotonin (5-hydroxytryptamine) function by controlling the reuptake of serotonin from the synaptic gap. In humans, a common polymorphism in the promoter region are associated with the harm avoidance trait [7] and this association was confirmed by some additional researches [14] . In this study, we determined the sequence of the equine serotonin transporter gene, screened the gene for polymorphisms, assigned it to an equine chromosome using an equine 5000-rad radiation hybrid (RH) panel [3] , and carried out association study with equine anxiety trait using 67 thoroughbred horses.
The sequence of the equine homolog of the serotonin transporter gene was obtained using RT-PCR and rapid amplification of cDNA end (RACE) methods with mRNA obtained from the brain of a thoroughbred horse and consensus primers based on other mammals, i.e. human (accession number: X70697), cattle (AF119122), rat (X63253), and mouse (AF013604). A contiguous 1893-bp sequence that contained an open reading frame encoding 630 amino acid residues was found (AB098561). The amino acid sequence had 93.5, 91.6, 89.3, and 91.1% identity with those of human, cattle, rat, and mouse, respectively. In addition, two bands were obtained with the 3'-RACE method using primer F1750, as shown in Fig. 1A , which suggested alternative splicing in the 3' untranslated region. Sequence analysis revealed that the poly A tails started 678 and 549 bp downstream from the stop codon, as is the case with humans [1] .
To search for polymorphisms in this gene, we determined the sequences of mRNAs derived from the brains of ten genetically unrelated thoroughbred horses. PCR was performed with 100 ng cDNA in a 50-µl reaction volume, which consisted of 5 µl of 10 × AccuPrime PCR Buffer I, 0.2 µM of each primer (F-65 and R2402), and 1 unit of AccuPrime Taq DNA Polymerase High Fidelity (Invitrogen, Carlsbad, CA). After an initial denaturation at 94°C for 2 min, PCR was performed with 35 cycles of 94°C for 30 sec, 54°C for 30 sec, and 68°C for 150 sec. The final cycle was followed by a 10-min extension at 68°C. By comparing the sequences of the PCR products, three SNPs and a set of two consecutive SNPs were found: G1182T, T1362C, G1515A, and AC1615-1616GT. Of these, the consecutive SNPs (AC1615-1616GT) were thought to change from threonine to valine. We genotyped all polymorphisms of 67 * CORRESPONDENCE TO: TAKEUCHI, Y., Laboratory of Veterinary Ethology, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan.
thoroughbred horses for the association study using four primer pairs shown in Table 1 as follows.
G1182T: PCR was performed with 50 ng genomic DNA in a 50-µl reaction volume, which consisted of 200 µM of dNTPs, 25µl of 2 × LA Taq GC Buffer II, 0.4 µM of each primer (F1088 and R1315), and 1 unit of TaKaRa LA Taq (Takara Bio, Shiga, Japan). After an initial denaturation at 94°C for 5 min, PCR was performed with 35 cycles of 94°C for 60 sec, 60°C for 30 sec, and 72°C for 120 sec. The final cycle was followed by a 10-min extension at 72°C. Each PCR product was concentrated and purified using SUPREC-PCR (Takara Bio). Genotyping was performed by direct sequencing with an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). After an initial denaturation at 95°C for 5 min, PCR was performed with 35 cycles of 95°C for 30 sec, 65°C for 30 sec, and 72°C for 30 sec. The final cycle was followed by a 10-min extension at 72°C. Genotyping was carried out using an RFLP method. The PCR product (10 µl) was digested with 2.5 µl of 10 × TA buffer, 2.5 µg of bovine serum albumin, and 2.4 units of HhaI (Toyobo, Osaka, Japan) in a 15-µl reaction volume. The product was electrophoresed on a 3.0% agarose gel. As only the G allele was digested with HhaI, the GG allele produced two fragments of 302 and 57 bp while the GA allele resulted in 359, 302, and 57 bp fragments (Fig. 1B) . No undigested products indicating the AA genotype were found. AC1615-1616GT: PCR was performed with 50 ng genomic DNA in a 50-µl reaction volume, which consisted of 200 µM of dNTPs, 5 µl of 10 × Ex Taq Buffer, 0.2 µM of each primer (F1560 and AC1615-1616GT-R), and 2 units of TaKaRa Ex Taq. After an initial denaturation at 95°C for 5 min, PCR was performed with 30 cycles of 95°C for 30 sec, 63°C for 30 sec, and 72°C for 60 sec. The final cycle was followed by a 10-min extension at 72°C. The subsequent analysis was the same as with G1182T.
The frequencies of the four major alleles were 87.3, 97.0, 91.0, and 70.9%, and the frequencies of all the polymorphisms were similar to those expected under Hardy-Wein- Fig. 1 . A. Alternative splicing in the 3' untranslated region, B: SNP (G1515A) demonstrated using a PCR-RFLP method. A: Three PCR products were produced using the 3'-RACE method with primer F1750. Sequence analysis revealed that the two bands labeled "long" and "short" were specific bands for this gene. The marker was HaeIII-digested øX174 (TaKaRa Bio). B:
The PCR products were digested with HhaI and electrophoresed on a 3.0% agarose gel. The genotypes are indicated at the top of each lane. Undigested products indicating the AA genotype were not found.
berg equilibrium. In addition, we estimated haplotype frequencies using the expectation-maximization method with the program SNPAlyze (Dynacom, Mobara, Japan) as shown in Table 2 . As reported previously [13] , RH mapping on an equine 5000-rad RH panel [3] was performed as follows. PCR was carried out in a 10-µl reaction volume, which consisted of 40 ng DNA, 250 µM of dNTPs, 1 µl of 10 × PCR Gold Buffer, 0.5 µM of each primer (RH-F and RH-R), 3.0 mM MgCl 2 , and 0.4 units AmpliTaq Gold DNA Polymerase (Applied Biosystems). The PCR products were separated by electrophoresis on a 3.0% agarose gel and scored manually. Two-point analysis using the program RHMAPPER indicated that the serotonin transporter gene was located 26.92 cR from neurofibromin 1 (NF1; lod >3.0), which had been previously mapped to ECA 11q12-q13 [2, 4, 8] . The assignment of the serotonin transporter gene is in agreement with the comparative map of the horse and human genomes (HSA 17q11.1-q12) [18] .
We studied 67 thoroughbred horses and administered the questionnaire survey to their caretakers adopted in our previous report [10] . The questionnaire involved grading 20 temperament traits on 9-point scales. Factor analysis showed that factor 1, designated as "anxiety", had seven question items ('Nervousness', 'Excitability', 'Panic', 'Inconsistent emotionality', 'Vigilance', 'Skittishness', and 'Timidity') and the sum of their scores was assigned as the anxiety score. Although we used Student's t-test to investigate the influence of each haplotype on equine anxiety trait, no significant differences regarding the three most frequent haplotypes (i.e., G-T-G-AC, G-T-G-GT, and T-T-A-AC) were found, as shown Table 2 .
In conclusion, we determined the sequence and chromosome location of the serotonin transporter gene, and identified four polymorphisms. Although no significant association was found between each haplotype and equine anxiety trait in 67 thoroughbred horses, this anxiety trait should be given priority among equine temperament traits to be investigated, as it can be assessed more reliably and accurately than other temperament traits using either questionnaires or behavior tests [9] [10] [11] 17] ; this is in addition to the importance of the anxiety trait in various human-horse relationships.
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